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(54) SURFACE ACOUSTIC WAVE ELEMENT 




(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface acoustic wave(SAW) element 
having new configuration, with which temperature fluctuation characteristics 
similar to a thickness- shear vibrator can be obtained and a practical capacitance 
ratio can be reduced by basically using the vibration principle of an end face 



reflection type vibrator. 

SOLUTION: This element has a piezoelectric substrate and an cord electrode 
formed on any one of front and rear sides of the piezoelectric substrate, the side 
to propagate the SAW vibration, which is generated by the cord electrode, on the 
piezoelectric substrate is made mechanically free and further, the thickness of 
the piezoelectric substrate is reduced rather than a wavelength A of the SAW 
vibration. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's 

decision of rejection] 

[Kind of final disposal of application 

other than the examiner's decision of 

rejection or application converted 

registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 

decision of rejection] 

[Date of requesting appeal against 

examiner's decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 

* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The elastic wave component characterized by having a piezo-electric 
substrate and the blind-like electrode of said piezo-electric substrate formed in 
one field of the front flesh sides at least, having made free mechanically the field 
which spreads said piezo-electric substrate of the elastic wave oscillation 
generated with said blind-like electrode, and making thickness of said piezo- 
electric substrate further smaller than the wavelength lambda of said elastic wave 
oscillation. 

[Claim 2] The elastic wave component to which thickness of said piezo-electric 
substrate is characterized by being below 0.5lambda to the wavelength lambda 
of said elastic wave oscillation in claim 1 . 

[Claim 3] The elastic wave component characterized by an oscillation [ in / the 
blind-like electrode of the same pattern is formed in front flesh-side both sides at 
least, and / front flesh-side both sides of said piezo-electric substrate ] of said 
piezo-electric substrate carrying out joint resonance in claim 1. 
[Claim 4] The elastic wave component to which it has a fixed part in claim 1 or 3 
to the ends part which an elastic wave oscillation of said piezo-electric substrate 
fully decreases, and distance between said fixed parts is characterized by being 
more than 5lambda to the wavelength lambda of said elastic wave oscillation. 
[Claim 5] The elastic wave component characterized by connecting electrically 
the blind-like inter-electrode formed in front flesh-side both sides of said piezo- 



electric substrate with the electrode which the electrode was formed in the side 
face of said piezo-electric substrate, and was formed in this side face in claim 3. 
[Claim 6] The elastic wave component characterized by forming the solid 
electrode in claim 1 all over the field in which the blind-like electrode of said 
piezo-electric substrate was formed, and an opposite hand. 
[Claim 7] The elastic wave component characterized by making the end face of 
said piezo-electric substrate into the reflector of said elastic wave oscillation in 
claim 1. 

[Claim 8] The elastic wave component characterized by forming the grating 
electrode for reflectors, or the groove in the both sides of the blind electrode 
formed in said piezo-electric substrate in claim 1. 

[Claim 9] The elastic wave component characterized by considering as the 
configuration which carried out termination of one side of the blind electrode 
formed in front flesh-side both sides of said piezo-electric substrate by the short 
circuit or load impedance electrically in claim 3. 
[Claim 10] The elastic wave component characterized by starting 
crystallographic-axis bearing by the envelopment which rotated 36**20 degrees 
of Y-axes focusing on the Z-axis, and making propagation of an elastic oscillation 
the direction of X in claim 1, using LiTa03 or LiNb03 substrate as said piezo- 
electric substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the elastic wave 
component which realized high stabilization of a RF band about an elastic wave 
component. 
[0002] 

[Description of the Prior Art] In recent years, RF-izing and high stabilization of 
elastic wave components, such as vibrator for microcomputer clocks for example, 
and an oscillator, with which it is used for electronic equipment are needed with 
RF-izing of the clock frequency of electronic equipment. 
[0003] By the special thing, the end-face reflective mold vibrator which used the 
BGS (Bleustein-Gulyaev-Shimizu/Nakamura) wave is used in use [ what 
generally used thickness slip vibration ] by the Prior art in an elastic wave 
component. 

[0004] In the aforementioned thickness-slip-vibration child, an electrode is 
prepared in both sides of a substrate, a driving signal is given to inter-electrode 
[ those ], and an oscillatory wave is a configuration produced in the thickness 
direction of a substrate. Therefore, it takes for an oscillatory wave to turn into a 
RF, and the thickness of a component substrate becomes thin, and thickness 
precision is important. For this reason, if the thickness-slip-vibration child had, 
the processing technique of a component with a high precision was needed. 
[0005] It is the configuration which an elastic wave produces on a substrate front 
face with the actuation electrode formed in the whole surface of a substrate in 
end-face reflective mold vibrator on the other hand. For this reason, since it does 
not depend for oscillation frequency on the thickness of a component substrate, 
processing of a component has the description of being comparatively easy. 
However, compared with the thickness-slip-vibration child, it has the problem that 



change of a frequency is large, according to the temperature environment to be 
used. 

[0006] Furthermore, generally in end-face reflective mold vibrator, the application 
was restricted greatly [ the ratio (capacity factor) of the capacity and the 
resistance component which exist in the resistance component and serial in the 
equal circuit expressed fundamentally in a parallel resonant circuit, and the 
capacity which exists in juxtaposition ] for this reason. 
[0007] 

[Problem(s) to be Solved by the Invention] Therefore, the object of this invention 
is to offer the elastic wave component of a new configuration of that the same 
temperature fluctuation property as said thickness-slip-vibration child is acquired, 
and a practical capacity factor can be made small, using fundamentally the 
oscillating principle of the above-mentioned end-face reflective mold vibrator. 
[0008] 

[Means for Solving the Problem] In view of the object of above-mentioned this 
invention, the elastic wave component which this invention person used to 
acquire a desirable property with the approach on a new configuration, and 
follows this invention It has a piezo-electric substrate and the blind-like electrode 
of said piezo-electric substrate formed in one field of the front flesh sides at least. 
It is characterized by having made free mechanically the field which spreads said 
piezo-electric substrate of the elastic wave oscillation generated with said blind- 
like electrode, and making thickness of said piezo-electric substrate further 
smaller than the wavelength lambda of said elastic wave oscillation. 
[0009] As an example of a gestalt of the desirable operation of an elastic wave 
component which attains the object of above-mentioned this invention, thickness 
of said piezo-electric substrate is characterized by being below 0.5lambda to the 
wavelength lambda of said elastic wave oscillation. 
[0010] Furthermore, it is characterized by an oscillation [ in / the blind-like 
electrode of the same pattern is formed in front flesh-side both sides at least, and 
/ front flesh-side both sides of said piezo-electric substrate ] of said piezo-electric 



substrate carrying out joint resonance as an example of a gestalt of the desirable 
operation of an elastic wave component which attains the object of above- 
mentioned this invention. 

[001 1] Moreover, it has a fixed part to the ends part which an elastic wave 
oscillation of said piezo-electric substrate fully decreases as an example of a 
gestalt of the desirable operation of an elastic wave component which attains the 
object of above-mentioned this invention, and distance between said fixed parts 
is characterized by being more than 5lambda to the wavelength lambda of said 
elastic wave oscillation. 

[0012] It is characterized by connecting electrically the blind-like inter-electrode 
formed in front flesh-side both sides of said piezo-electric substrate with the 
electrode which the electrode was formed in the side face of said piezo-electric 
substrate, and was formed in this side face further again as an example of a 
gestalt of the desirable operation of an elastic wave component which attains the 
object of above-mentioned this invention. 

[0013] Furthermore, it is characterized by forming the solid electrode all over the 
field in which the blind-like electrode of said piezo-electric substrate was formed, 
and an opposite hand as an example of a gestalt of the desirable operation of an 
elastic wave component which attains the object of above-mentioned this 
invention. 

[0014] Moreover, it is an example of a gestalt of the desirable operation of an 
elastic wave component which attains the object of above-mentioned this 
invention. It is characterized by making the end face of said piezo-electric 
substrate into the reflector of said elastic wave oscillation. 
[0015] Furthermore, it is characterized by forming the grating electrode for 
reflectors, or the groove in the both sides of the blind electrode formed in said 
piezo-electric substrate as an example of a gestalt of the desirable operation of 
an elastic wave component which attains the object of above-mentioned this 
invention. 

[0016] It is characterized by considering electrically one side of the blind 



electrode formed in front flesh-side both sides of said piezo-electric substrate as 
a short circuit or the configuration which carried out termination by load 
impedance further again as an example of a gestalt of the desirable operation of 
an elastic wave component which attains the object of above-mentioned this 
invention. 

[0017] Furthermore, it is characterized by starting the example of a gestalt of the 
desirable operation of an elastic wave component which attains the object of 
above-mentioned this invention by the envelopment to which crystallographic- 
axis bearing rotated 36**20 degrees of Y-axes focusing on the Z-axis, using 
LiTa03 or LiNb03 substrate as said piezo-electric substrate, and making 
propagation of an elastic oscillation the direction of X. 
[0018] The description of this invention becomes clear from the gestalt of the 
implementation further explained with reference to the following drawings. 
[0019] 

[Embodiment of the Invention] Drawing 1 is the perspective view of a 
piezoelectric device showing the 1st example by this invention. The actuation 
electrodes 2 and 3 are formed by the same pattern on front flesh-side both sides 
of the piezo-electric substrate 1. Furthermore, it has the electrode pads 4 and 5 
joined to the actuation electrodes 2 and 3 electrically mechanically by the 
longitudinal direction of the piezo-electric substrate 1, and outputs and inputs 
through these electrode pads 4 and 5 with the actuation electrodes 2 and 3 by 
the side of the whole surface of the piezo-electric substrate 1 ( drawing 1 rear- 
face side). 

[0020] The electrical equivalent circuit of this piezoelectric device is shown in 
drawing 2 . It has the capacity Cb by which parallel connection is carried out to 
capacity calcium, an inductance L and the series connection of Resistance R, 
and this series connection, the capacity factor which made reference previously - 
- the ratio of said series capacitance calcium and juxtaposition capacity Cb -- 
gamma - pointing out - gamma=Cb/calcium It is expressed. If this capacity 
factor gamma is large, it is known by this contractor that a limit of utilization of a 



piezoelectric device will become large. 

[0021] Next, the example of 1 prototype of the piezoelectric device which has the 
configuration of drawing 1 is explained below. An elastic wave oscillation is 
generated on the front face of the piezo-electric substrate 1 by the actuation 
electrodes 2 and 3 formed in the rear face of drawing 1 connected to the 
electrode pads 4 and 5. 

[0022] and -- this - an elastic wave - an oscillation - wavelength -- lambda -- ** - 
- having carried out - the time -- a prototype - an example -- piezo-electricity -- a 
substrate -- one -- thickness -- (-- H -) - six - 0.25 - lambda -- relation - it is - 
an electrode -- a pad -- four -- five - the air - having floated - a part -- die length 
-- (- LF --) - seven -- 15lambda -- it was . 

[0023] The die length 8 of the logarithm of 5lambda and an electrode to which the 
blind-like electrode by the actuation electrodes 2 and 3 intersects actuation 
electrode material using NiCr/Au (50nm of thickness, 400nm) is one pair. A blind- 
like electrode is arranged at the table rear face, and the electrode, i.e., the 
actuation electrode electrically connected to the electrode pads 4 and 5, to drive 
is only the rear-face side of drawing 1 . 

[0024] Furthermore, it was started by the piezo-electric substrate 1 about the 
crystallographic axis XYZ at the include angle which rotated 40 degrees of Y- 
axes focusing on the Z-axis, and LiTa03 substrate of the direction propagation of 
40 degreeY cut X which has the direction of oscillating wave propagation of the 
direction of X was used. 

[0025] It seemed that the constant about each element of the equal circuit where 
the vibrator made as an experiment on condition that the above-mentioned 
configuration is shown in drawing 2 was shown in the following table. 
[0026] 
[A table 1] 



R 


63. 9 Q 


L 


16.57 mH 


c a 


0. 142 p F 


c b 


1. 775 pF 



Therefore, the capacity factor gamma of the above-mentioned example of a 
prototype is gamma=Cb/calcium =12.5. 

[0027] Drawing 3 is drawing showing the substrate thickness (H/lambda) and the 
relation of a capacity factor (gamma) which were normalized on wavelength 
lambda about the piezoelectric device of the configuration of above-mentioned 
drawing 1 . He can understand that a capacity factor decreases as the piezo- 
electric substrate 1 is sheet-metal-ized so that he can understand easily from this 
drawing. The capacity factor of the conventional piezoelectric device was the 
magnitude of 70-80 as a general value. On the other hand, it is possible by 
making substrate thickness (H/lambda) or less into one according to the principle 
of this invention to obtain the capacity factor below the capacity factor in the 
conventional piezoelectric device. Furthermore, it is remarkable as effectiveness 
to make thickness of the piezo-electric substrate 1 below into 0.5lambda. 
[0028] Drawing 4 is drawing showing the piezo-electric substrate thickness 
(H/lambda) which normalized the die length (8) which an electrode intersects 
about the piezoelectric device of the configuration of drawing 1 on the 
wavelength lambda when making the logarithm of 5lambda and an electrode into 
one pair and three pairs, and the relation between temperature rate-of-change 
10-6 (ppm) /**. 

[0029] so that the thickness (H/lambda) of this drawing to the piezo-electric 
substrate 1 is thin - an electrode ~ few logarithms can understand that 
temperature stability (whenever [ temperature rate-of-change ]) becomes high, so 
that there are. in addition, drawing 4 ~ setting - an electrode -- if a logarithm 
increases - temperature stability - an electrode - it is not based on a logarithm 
but it is thought that it converges on constant value, therefore, drawing 4 - 



setting - an electrode - the broken line of a logarithm 10 is a predicted value. 
[0030] The temperature stability in the conventional piezoelectric device can 
make the temperature rate of change in the conventional piezoelectric device or 
less into 40x10 to six to generally being about 40 ppm/degree C by making 
thickness (H/lambda) of the piezo-electric substrate 1 or less into one. 
[0031] Drawing 5 is drawing which compared the property of a thickness-slip- 
vibration child and end-face reflective vibrator, and the property of this invention 
for temperature rate of change as reference-value zero at the room temperature 
of 25 degrees C further. An axis of abscissa is made into temperature among 
drawing, an axis of ordinate is made into rate of change ppm, and the 
temperature fluctuation property and ultimate lines B and C of thickness slipping 
end-face vibrator of ultimate lines A are the temperature fluctuation properties of 
end-face reflective vibrator and the piezoelectric transducer of this invention 
configuration, respectively. 

[0032] Here, temperature rate of change shows the quadratic curve property of 
having the general lowest value as top-most vertices. In drawing 5 , as explained 
previously, the thickness-slip-vibration child of the temperature fluctuation 
property (ultimate lines A) is stable, and has top-most vertices near the ordinary 
temperature (25 degrees C). On the other hand, near the ordinary temperature 
(25 degrees C) of end-face reflective vibrator, temperature fluctuation (ultimate 
lines B) is large, and the top-most vertices of the characteristic curve are further 
located from ordinary temperature in Haruka or a top (it is understood that it is at 
least 75 degrees C or more in drawing 5 ). Although this invention is similar to 
end-face reflective vibrator as basic structure, the temperature fluctuation 
property (special envoy line C) of approximation to a thickness-slip-vibration child 
is acquired. 

[0033] In order to acquire the temperature stability by this invention, and the 
effectiveness of reduction of a capacity factor from the above-mentioned 
explanation here, only the part which the elastic oscillation generated with the 
actuation electrodes 2 and 3 spreads should be the range of predetermined 



substrate thickness (H/lambda). 

[0034] Therefore, the example structure of drawing 6 is possible as structure for 
making handling easy. In drawing 6 , it is the both ends corresponding to the 
electrode pads 4 and 5 of the piezo-electric substrate 1, and is the structure 
which makes only the part 10 which fixes a piezoelectric device, and the field 
which elastic oscillations other than 11 spread below predetermined thickness 
(1 lambda). At these both ends, the elastic wave oscillation is fully decreased. 
[0035] Moreover, when setting to (LF) the die length of the field which the elastic 
oscillation which is the die length between the parts 10 and 1 1 which fix the 
piezoelectric device in the example structure of drawing 6 spreads, relation with 
resonance resistance is obtained. Drawing 7 is drawing showing the relation 
between LF in the example structure of drawing 7 , and resonance resistance. 
He can understand that the constant value of desirable small resonant resistance 
will be obtained from this drawing if LF is more than 5lambda. 
[0036] Next, in the basic structure of this invention of above-mentioned drawing 
1 , the extended modification of the actuation electrodes 2 and 3 is explained. 
[0037] Drawing 8 is the 1st extended modification of the actuation electrodes 2 
and 3 to the structure shown in drawing 1 . It is the example configuration in 
which the side-face electrodes 12 and 13 which connect electrically the actuation 
electrodes 2 and 3 formed in both sides of the piezo-electric substrate 1 were 
formed on the side face of the piezo-electric substrate 1. 
[0038] Thus, in the table rear face of the piezo-electric substrate 1 , it is possible 
by having the side-face electrodes 12 and 13 for an elastic oscillation to arise, 
therefore to raise the actuation effectiveness of an oscillation more. 
[0039] Drawing 9 is the 2nd extended modification of the actuation electrodes 2 
and 3 to the structure shown in drawing 1 . It is the example configuration which 
replaced with the actuation electrodes 2 and 3 of a side and an opposite hand 
connected to one side 4 and 5, i.e., the I/O electrode pads, of the actuation 
electrodes 2 and 3 formed in both sides of the piezo-electric substrate 1, and was 
used as the entire metallizing electrode 14. It is possible to raise electric machine 



association during I/O more according to this structure. 

[0040] Drawing 10 is the further extended modification of the actuation electrodes 
2 and 3 to the structure shown in drawing 1 . The grating electrodes 15 and 16 
for reflectors are formed in the both sides of the actuation electrode 2.3. It 
replaces with the echo by the end face of the piezo-electric substrate 1 , and is a 
****** configuration about an echo of an elastic wave in the grating electrodes 15 
and 16. 

[0041] By this configuration, since it is not influenced of the process tolerance of 
the piezo-electric substrate end face in end-face reflective mold vibrator, 
manufacture becomes easy. 

[0042] Drawing 1 1 is the modification of the example of drawing 10 , is replaced 
with the grating electrodes 15 and 16, and forms the grooves 17 and 18 for an 
echo in the both sides of the actuation electrodes 2 and 3 on the piezo-electric 
substrate 1 by etching etc. 

[0043] Next, in the configuration of drawing 1 , the example of utilization of the 
near actuation electrodes 2 and 3 which are not connected to the electrode pads 
4 and 5 is explained. 

[0044] Drawing 12 is the configuration which carried out termination of between 
the near actuation electrode 2 which is not connected to the electrode pads 4 
and 5, and 3 with the short circuit or the impedance 19 electrically in the 
piezoelectric device of the configuration of drawing 1 . In this example, the same 
effectiveness is substantially acquired with the configuration which used as the 
metallizing electrode 14 the whole surface of the piezo-electric substrate 1 shown 
in drawing 9 . 

[0045] Until now, as an example of this invention, although the piezoelectric 
transducer was explained to the example, application of this invention is not 
restricted to this. That is, a filter can be obtained using the piezoelectric device 
which has improved temperature stability and a capacity factor based on the 
principle of this invention. 

[0046] Drawing 13 is drawing showing the cross section of the piezo-electric 



substrate 1 of the configuration of drawing 1 . The actuation electrodes 2 and 3 
on the rear face of a table are electrically connected between terminals 20-21 
and between 20 '-21'. Therefore, a filter is constituted by using terminal 20-20' 
and 21-21' as an I/O electrode, respectively. In this configuration, the 
miniaturization of a filter element is possible. 

[0047] And with the configuration of drawing 13 , the generated elastic wave 
spreads the piezo-electric substrate 1 in the thickness direction, and is detected 
with the output electrode by the side of a simple substance. Therefore, it is 
possible as a function that it also has the thickness-slip-vibration child-function. 
[0048] Drawing 14 is drawing showing the filter which formed 2 sets of actuation 
electrodes I and II on the whole surface of the piezo-electric substrate 1 in either 
of the previous examples. That is, it is the configuration of having ****(ed) the 
actuation electrodes 2 and 3 of the piezo-electric substrate 1 2 sets. On the other 
hand, a top can be considered as electrode configurations, such as drawing 1 , 
drawing 6 , and drawing 9 , like the example of the piezo-electric substrate 1 
shown previously. This joins together electrically through the electrode gap 30 
between 2 sets of actuation electrodes I and II formed in the whole surface of the 
above-mentioned piezo-electric substrate 1, and a filter with high temperature 
stability is obtained. 

[0049] Furthermore, drawing 15 is a configuration which has arranged 2 sets of 
actuation electrodes I and II to juxtaposition on the whole surface of the piezo- 
electric substrate 1 in either of the previous examples. On the other hand, a top 
can be considered as electrode configurations, such as drawing 1 , drawing 6 , 
and drawing 9 , like the example of this piezo-electric substrate 1 shown 
previously. This joins together acoustically through the space gap 31 between 2 
sets of actuation electrodes I and II formed in the whole surface of the above- 
mentioned piezo-electric substrate 1, and a filter with high temperature stability is 
obtained. 

[0050] Here, logging of the piezo-electric substrate 1 applied to this invention is 
explained. The definition of a crystal angle of rotation is shown in drawing 16 . 



Generally LiTa03 substrate or LiTa03 substrate is used as a piezo-electric 
substrate ingredient. It is the revolution Y cut which rotates a Y-axis centering on 
the crystallographic axis Z of the piezo-electric substrate 1, and the propagation 
of an oscillation is the direction of X. 

[0051] The relation between the acoustic velocity ( drawing 17 , drawing 19 ) over 
the angle of rotation in LiNb03 substrate and an electromechanical coupling 
coefficient ( drawing 18 , drawing 20 ) is shown in LiTa03 substrate, drawing 19 , 
and 20 drawing 17 and 18. In LiNb03 substrate, a coupling coefficient serves as 
[ LiTa03 substrate ] max, respectively at the time ( drawing 20 ) of 36 degrees of 
angles of rotation at the time ( drawing 18 R> 8) of 33 degrees of angles of 
rotation. In addition, said angle of rotation can permit the 36-degree range of **20 
degrees, in order to acquire the effectiveness of this invention. 
[0052] Therefore, it is advantageous to use the piezo-electric substrate cut down 
by the crystallographic-axis angle of rotation from which this electromechanical 
coupling coefficient serves as max in application of this invention. 
[0053] 

[Effect of the Invention] As explained according to the drawing above, according 
to this invention, the high stabilization to temperature and offer of the small 
elastic wave vibrator of a capacity factor are attained by sheet-metal-izing below 
on the wavelength lambda of the oscillation which spreads a piezo-electric 
substrate. Moreover, the place which elastic vibrator manufacture by which the 
miniaturization of a low frequency band and the RF band were stabilized can be 
performed, and contributes to a cost cut is large. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view of a piezoelectric device showing the 1st 
example of the elastic wave component by this invention. 
[Drawing 2] It is drawing showing the electrical equivalent circuit of the 
piezoelectric device of a configuration of being shown in drawing 1 . 
[Drawing 3] It is drawing showing the substrate thickness (H/lambda) and the 
relation of a capacity factor (gamma) which were normalized on wavelength 
lambda about the piezoelectric device of the configuration of drawing 1 . 
[Drawing 4] It is drawing showing the temperature characteristic of the 
piezoelectric device of the configuration of drawing 1 . 
[Drawing 5] It is drawing [ the piezoelectric device of a configuration / 
temperature characteristic / of the piezoelectric device of the configuration of 
drawing 1 ] conventionally. 

[Drawing 6] It is drawing showing other example configurations of this invention. 
[Drawing 7] It is drawing showing the relation of the die length and resonant 
resistance which float the piezo-electric substrate in the configuration of drawing 
6. 

[Drawing 8] It is drawing showing other example configurations about the 
actuation electrode of this invention. 

[Drawing 9] It is drawing showing the example configuration of further others 
about the actuation electrode of this invention. 

[Drawing 10] It is the further extended modification of the actuation electrodes 2 
and 3 to the structure shown in drawing 1 . 



[Drawing 11] It is drawing showing the modification of the example of drawing 10 . 
[Drawing 12] In the piezoelectric device of the configuration of drawing 1 , it is the 
configuration which carried out termination of between the near actuation 
electrode 2 which is not connected to the electrode pads 4 and 5, and 3 by the 
short circuit or load impedance 19 electrically. 

[Drawing 13] It is drawing which shows the cross section of the piezo-electric 
substrate 1 of the configuration of drawing 1 , and explains a filter configuration. 
[Drawing 14] It is drawing showing the filter in which 2 sets of actuation 
electrodes I and II were formed on the whole surface of the piezo-electric 
substrate 1 shown in drawing 1 . 

[Drawing 15] It is the configuration which has arranged 2 sets of actuation 
electrodes I and II to juxtaposition on the whole surface of the piezo-electric 
substrate 1 shown in drawing 1 . 

[Drawing 16] It is drawing showing the definition of a crystal angle of rotation. 
[Drawing 17] It is drawing showing the relation of the acoustic velocity over the 
angle of rotation in LiTa03 substrate. 

[Drawing 18] It is drawing showing the relation of the electromechanical coupling 
coefficient to the angle of rotation in LiTa03 substrate. 

[Drawing 19] It is drawing showing the relation of the acoustic velocity over the 
angle of rotation in LiNb03 substrate. 

[Drawing 20] It is drawing showing the relation of the electromechanical coupling 
coefficient to the angle of rotation in LiNb03 substrate. 
[Description of Notations] 

1 Piezo-electric Substrate 

2 Three Actuation electrode 
4 Five Pad electrode 

6 Component Thickness (H) 

7 Pad Inter-electrode Distance (LF) 

8 Actuation Electrode Crossover Length 

9 Component Thickness 



10 11 Side-face electrode 

12 Metallizing Electrode 

13 14 Grating electrode 

15 16(15', 16') Electric line 
17 18 Electric line 

19 Groove 

20 21 Gap 
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